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The most notorious psychedelic sub- alkaloids led by Stoll and his close collaborator, Albert
star_ee today is undoubtedly LSD. This drug has Hofmann.
maintained its popularity in spite'of other hallucinogens Mainly through the efforts ,)f Stoll and Hofmann, it
_vhieh have since been discovered. Simultaneously, was established that nearly all ergot alkaloids of the
"it, has cnjoyed a vast amount of serious scientific in- lysergic acid type possess the general structure I.
veatigationwhich has somehowbecomeobscuredin !

the wave of adverse publicity. It is the purtmse of this i'.;X _1,_'
p_" to trace the chemical background of LSD, its (Jl

i}_[{{
synthesis,, the discovery of its properties, and some of CONil.... |(?-/''q/_'-\-/)
tim research which has subsequently resulted (l). [ I I ,_ I

E_(lemics resulting from the ingestion of bread made _ (}----(._..!...(:_--()
from diseased grain were a common occurrence in the _1 [ /'\ .....

r N--('H il" _.L'
Middle Ages. The disease, now ktmwn as ergot ¢.__

poi_fiug, w'ts then called Saint Anthony's fire--it was [ _/[..)/jiaeli_ed that a visit to the saint's shrine cured the _;. 1

malady. The illness was marked by w)miting, high ,:.( _I
t_l_rature, tremors, and gangrene and convulsions in
tl_ l_er stages. "-

it was subsequently discovered that ergot poisoning They may be considered to be composed of two paris,
_'a_t caused by a fungus, Clauiceps purpurea, which tlm iysergic acid port ioll and the :_mide portion, the
th_ved on the ears of various grains, most commonly l'atter being a cyclic peptidc made up of v.trious amino
rye. I¢ was also found that the extract obtained from acids.
the myeclium p()rtion of the fungus possessed medicinal This review will be limited to a discussion of the
pmpeveies. As early as 1582 these extracts were used lysergie acid moiety. The classic:d chenaical dcgr._da-
to i_ut_ce childbirth. However, the "mtivity of the t.ive studies carried out by Jacobs, Craig, .rod Gould (._)

• extracts wu'ied tremendously from batch to batch, in this cmmtry and by Stoll and Hofmann (5, 6) in
In spite of this drawback, use of the paateri'fl continued Switzerland eventually led to the assignment of struc-
m_d h_lcrest arose in the identity of the active principles ture II to lysergic acid. Elucidation of this tetracyclic
of tke extracts, structure, also known as the ergoline ring system, took

The first milesto_e was recorded in iS75 when a severalyears.
F_ene_'l chemist, Charles Tanret (2), succeeded in iso-
lati_ the first crystalline substance from the extract. ('()0H
He roamed the material ergot inine. Unfortunatciy, I.

er_l_inine was not honmgm;eous It was only in 1918 'tl)_

_hat Arthur Stoll, of the Swiss pharmaceutical con> ..Sf_ '_..N--CII
lalllrt_. Sandoz, isolated ergotamine as the first pure _ '_ '

ertpaI alkaloid (8). This marked the beginning of half __/Jeetltury of brilliant research in the area of ergot

H

_d on a lecture delivered to the 343rd Meeting of the New In 1945 Uhle and &mobs (7) at Harvard synthesizcd
l_niglmadAssociation .of Chemistry Teachers at Emmanuel Col- racemie dihydmlvsergie acid, and this synthesis pro-
l_ll,_oston, Mass., December 9, 1967. vided unequivocal proof for the tetracyclic structure.
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Ilowever, the position of the olefinlc ,i Jt ti_r. j_]l
double bond at, either 9,10 or 5,I0 . ..... " 1...:.......::;t:_
remained to be settled, although ' ':i
studies by Stoll and Hofnmnn :_ t_

strongly suggested a 9,10 double .:_: .-S"'tt' Iil',,,!tl '. ....
This pointwasconfirmedin 1954 % " _J_J

lyscrgie acid was tin:dly .mhieved _'_) 'll (',Jt u,_.....

in a brilli..mt fifteen-step sequence, t /", )'

(8). The work, which was done in l, lI" ",ti ×H_II
the Eli Lilly laboratories, is ret'erred

to as the Woodward synthesis. In (i'x (' [ i• _I
i_.\, ,_ ..-JQ 0.. ..t)

the course of the synthesis over ' "t :.'.':.,_:m i] _Jl_
three hundred model compmmds _' ' (l" '
and intermediates were prepared. (" '_" (' :'_','_ r_r " "r ..... '" :,x,,,_l_; t'i[:

l'reirious attempts to synthesize L>i.J[...]._l ,,>.,'a "]', "I"Q...)JI...] I
lysergie acid had failed due to the _,..._ _./XCIt_inherent tendency of the nmlecule _'ii,('(;:,:--J tl_" J

to undergo isomeriz,_tion to tim more _ _('( )()ll %.i/stable naphthalenoid system. In .... _,_,'_,_. C ll ('()N

the Woodward synthesis the diffi- ">"':_ [(_

"culty ,,'as circumvented by an in- t2_:...... "_ .-F---_-"-.T-X--ClI,

genious method which involved ,[()za"Y
introduction of tim 2,3-indole bond
in the tinal step. The synthesis is
schematically shown in Figure 1.
To date this is the only published FioureI. totol syntheslso."lyse_gicoc_a.
total synthesis of lysergic acid.
Commercial lysergic aeid (with the

natural D configm'ation)is obtained by fermentation, axial carboxyl group which lies behind this plane.
, The stereochemistry of lysergic acid is interesting Isomerization oeclirs with great facility in lhe ergot

from the chemical angle, and even from a general view- alkaloids, especially inthe free acid, and tiffs was re-
point, since correct stereoehemistry is an important sponsible for much ,f the canfusi,m and difficulties in
factor in maintaining physiological activity. As is the early stages of tlm structural studies. The natural
evident from structure II, lysergie acid possesses two alkaloids occur in both iso and normal forms, althougl_
:tsymmetric centers at positions 5 and 8. Carbon 5 is it is interesting to note that the is() isomers are practi-
the point of reference for distinguishing between the [) eally dew)id of physioh)gieal activity.

vnd _, isomers. By correlation with compounds of Reduction of the 9,10-double I)ond gives rise to
It llC_,V

: known absolute stereochemistry, it has been deter- asymmetrie center at position 10. Unlcss thercductim_
mined that all the natural ergot alkaloids belong to is stereospecifie, the resulting product will be a mixture

i the D-series. The hydrogen atom at carbon 5 is above of two diastereoisomers with cis or trans fusion ,)f rings
! the plane of the molecule in the D-series, as shown in III C and D. Stoll and Itofmann (10) studied the cat-

(9). aly{ic hydrogenation of the normal and is() acids and'
The two isomers resulting from different configura- the ergot alkaloids derived from them. Thcy'obscrved

tim_s at position S were arbitrarily defined as norm.d that, whereas the iso cmnpounds yielded the lwo ex-
_ and iso (6). In the normal isomer tim carboxyl group peeled isomers VII an(l VIII, the normal alkaloids

i is cqutttorial and on the same side of the pl'me of the invari'_bly gave only one l)roduet, V. Comlmund V
molecule as the hydrogen atom at position 5, as seen was shown to have a CD-tr.ms fusion. Preferential

( in III. In contrast, the iso isomer (IV) possesses an addition of hydrogen fr()m the rear is exphfined by
the sterie hindrance caused by the c'u'boxvl gmUl) at S

() and the hydrogen atom at 5 l)eing on the same side of
:, [i " the molecule. The dihydrolysergic acid with a cis

! //--.. linkage of rings 13and D (that is, VI)w'ts obtained l)y
', ii isomerizationof the correspondingisocompoundVIII.• The stereochemistry of the reduction products is shown

• ":_ " -/ /%.X 1 at the top of the next page.
: • "" .J l Concurrently with the research aimed at structural

'_ ) (:tl, determinations, Stoll and Hofmam_ were also exploring
! :..... :: the potential use of lysergie acid as a therapeutic
: li/ agent. A natural co,_sequcnce was the I)rct)arati(m of

. _.=.,;:h. Aci,1 _ls,'_ly.ur_zicA,'ict countless derivatives of the acid, namely, esters,
iil iv anfides, hydrazides, alcohol._, and amines and their

corresponding 9,10-dihydro derivatives.
In 193S Stoll and Herin.raft (11) reported the prcpara-
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_l_,, _, Mexiean e:_et,us peyote, w,as used in ,_ixteenth-celfl,ury
._i rites. Its ._tl'ucture was known about lifl,y years be-

/ ", fore that of LSD; its _et, ivit, y, however, is less by a fae-

_, ,i:_ti-_;:. tor of 5000-10,000. Psih)cin and its phosphate de-/ rivative psilocybi|h which occur in Mcxic:m mushrooms,

i., ;,,_..,k,'wi,; were isolated by I Iofm-um in 195S. They are 1/100-

/ -,/, 1/200 times as active as LSD. Bufotenin was iso-
/ J,-'\ lated in the thirties, while harmine has been known for

/ " over a hundred years. Both substances were used in

:i_(,_ I it( _ f' II rituals by South American Indians. The structures

, _\ ,v - of these hallucinogens are shown in Figure 2.
_7 .%--,'i, ( \N----('il_

tb- 7 .... ]l II ...... l[ t'.-
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I
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Figure 2. Some common hallucinogenic drugs.

tion of the diethylamide of lysergic acid. Nothing of None of these hallucinogens has gained the prom-
particular interest was noted at. the time, but in 1943, inence enjoyed by LSD. This may be due to a corn-
while reinvestigating the same compound, Hofmann blnation of reasons, but perhaps the most outstand-
had an experience which he later described in his own ing is the extreme potency of LSD. The effective dose
words (12) in man is 0.025-0.050 rag. This potency, however,

On a Friday afternoon, April 16, 1943, i was seized in the varies in commercial preparations and is dependent on
laboratory by a peculiar sensation of vertigo and restlessness, the ratio of stereoisomers present. LSD itself possesses
Objects in my vicinity and also the shape of my cowot'kers in the the D and normal configuration as shown in the struc-

laboratory appeared to undergo optieal changes. I was incapable ture in Figure 2. Slight m0dific:ttions of the basic
of concentrating my mind on my work. In a dreamlike state,
I left the laboratory and went home where I wins seized by an structure usually result in a loss of hallucinogenic ac-
irresistible urge to lie down and sleep. Daylight was felt to be tivity. This is summarized in Table 1 (I/_, 15).
unple,'_antly intense. I drew the curtains and immediately fell The effects of LSD do not seem to be influenced by
into a peculiar state of "drunkenness," characterized hy an ex- the manner of drug intake (oral or intramuscular).
aggerated imagination. With closed eyes fanta.stic pictures of
extraordinary pla._ticity and intensive kaleidoscopic colorfulness In most cases reaction occurs within an hour, the height
seemed to surge towards me..After two hours this state gradu- of the experience occurs in -tbout four hours, .tnd it is
ally subsided, and I ate dinner with good appetite, feeling per- usually over in eight. However, the reaction is in-
fectly normal and fresh, fluenced by many other factors, such as ag.c, personality,

A few days later Hofmanu intentionally took by education, cultural background, motivatio|| for taking
mouth 0.25 mg of the same drug, now known as LSD LSD, and time of day when taken. These psychologi-
(after the German name, Lysergsiiuredi/ithylamid), cal aspects have been the subject of over a thous'md
and experienced the same reaction. Perhaps this iuci- papers which have al)peared since Itofmatm's original
dent accounts for Hofmann's subsequent interest, report ou the hallucinogenic properties of LSD.
including self-experimentation, in hallucinogenic or hi spite of the great amount of research, the actual
psychedelic drugs, mechanism by which LSD functions in the body is still

This does not imply that prior to Hofmann's dis- unknown. In the fifties it was a popular belief that
eovery hallucinogenic substances were unknown. In the action of LSD was due to its scr.t(min antagonism.

, fact, several were used in ancient religious rituals (I3). This was based on the then popular theory of Shaw
For example, mescaline, the chief constituent of the and Wooley (16) that mental disorders were related to
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T.a',t_

'_."' Beroloni.l- A. Omdral Aclions Upon
-o,, '-,.,. Psychic ant agonistic 1. Psychic Fill|el ions
_ _. Effeclivencss Aclivity Excitation

::,,:.'iCompound (Dose in man) (LSI)' = 1) Mood chanlz.cs: euphoria, depre&,don
_"* I)i,_lurhanees of perception

.n.-_Wsm.gic acid diethy/- I lalhwinal ions

4_.¢_.e (LSI)) 0.5-1.0 ug/kg 1.0 ])epersonalizalion

l,-_I_._gic acid diethyl- Schizophrc_fie slate
__n_,_i1_ Inactive <0.01 2. Sonlal o-mot or l:unc! ions

l>4_tyl LSD 0.5-1.0 _g/kg 0.12 Pyramidal and exh'apyrarnidal effects
_-_mo LSI) Inactive 2.0 Ataxia

_tl(b.Dihydro LSD Inactive 0.62 Spastic paralysis
_-2,;_hydro LSD 3.0-4.5 _g/kg ...

lr-/n_'_ie acid methyl- 3. Autonomic Nervous Funclions.... a. Meso-dicncephalic Effects

amid)9 Inactive 0.065 Mydriasis
_-_ic acid ethyl- Tachycardi'_

_ 4.0-10.0 ttg/kg 0.12 Rise in body temperature
o-'_ ,3_. gic acid propyl- Ilvperglycemia

km_lJ_ Inactive 0.40 Pi'lomotor react iott

b. Medullary or Bulbar Effects

body'lcgels of scrotonin, adrenaline, and acetylcholine. Lowering of blood pressure

Howl_er, the theory .ts applied to LSD activity lost Bradycardia
Respiralory depression

cred_ll_¢a when 2-bromo LSD was synthesized and B. Direct Peripheral A(.tionsUpon
evahmt_,: As is evident from TabIe 1, the compound Uterus and vagina
is a p0t'eat scrotonin antagonist but has no hallucino- Adrenergic functions
genie aef_ity. Vessels

Th0_harmacological data on LSD are overwhelming. Bronchi (in high doses)
Over fi,_ehundred technical papers have beea published. _rotonin

Tabl_,2,p_csents a brief summary of the pharmacologi- (1932); JACOns, W. h., AND Ca.xm, L. C., J, Biol. Chem.,

cal e_el_ui It. should be pointed out that the type and 113,767 (1936).
degree,.c)(activity vary considerably from species to (5) STo[a,, A., ,x,_D IIoe,_LtsN, A., Z. PhYsiol. Chem., 251, 155(1938).
species: (6) STOLL, A., ]IOFM).NN, A., AND T/toxI,/!_It, F., Helv. Chim.

Wh_t _nefits has man derived from the knowledge Acta, 32,506 (194!1).
so far g_lmd in the study of LSD? This is a question (7) Urn,z, F. C., ANDJ._cm_S,W. A., J. Oro. Chem., 10, 76
that "_¢rn_ms unanswered. LSD has been used to (1945).
some ,ext,e)nt in the treatment of schizophrenics. It is (8) Koa_rrzLD, E. C., Foa_vma,, E. J., KL_,xr:,G. B., M_,_,

M. J., JONES, R. (;., A,xn Woonw._m), I{. B., J. Ant. Chem.
belieg_ _that the drug, when taken under skilled 8oc., 76, 5256 (1954); KORNFFA,I), n. C., FORNFA"EI,D, l':..I.,
superyi_qn, has provided greater rapport and ability KhlNE, G. B., .'_IANN, _t. J., Moaarso,x, l). E., J(,,XES,
to cofiammlicate for the patient undergoing therapy, l'. G., ._nDWo,,Dwmto, 1{.B., J. Am. Chem. Sot., 78, 31)S7

(1956).
There hav.e also been claims that LSD is a potential (9) LErM.XN, 11. G., .xst) F.xmmL S., lfelv. Chim. Acla, 42,269(3
analge.,4¢ _17) and has shown some value in the treat- 0.q59); S-r._)t,v,,t,P. A., ._,uDlh_r._._,u,u,A., tIeh,. Chim.
merit iof alcoholics (18). The claims are extremely Acta, 45, 2005 (1962).
tcnuo_[_ but certainly provide some hope for the future (10) S'roi,_, A., aND IlovM._S.U,A., Heir. Chint. Acla, 26, 2070
of LSI_L (1943); STohh, A., llor,_t._._N, A., AND P_a'aZH,K._, T.,

Helv. Chim. Acta, 29, 6,3.5 (1946).

_ tltera_e_ited (11) STObL, A., AND ItOFMA,_N, A., Heir. Chim. Acla, 26, 944
(1943).

(1) Fot'l_0/aprehensive reviews on the subject see: STOLL, A., (12) STObL, A., Schweiz. Arch. Nearol. Psych|at., 60, 27!1 (1!147).
,tall* I/4bmt.t,x,% A., in "The Alkaloids" (Editor: M,t,_'mcr:, (13) ])OWNt_e,, l). F., Quart. Rees., 16, 133 (1962).
R._[. _.), Academic Press, New York, 1965, Vol. 8, p.725 if; (14) I'{OTHLIN, E., iu "Psycholropic l) 'ugs" (Editors: G.'tR.uI'rlNI,
IIo_NN, A., "Die Mutterkornalkahfide," Enke Verlag, S., AN[) Gtma-rb V.), Elsevier Press, Amsterdam, 1957, p.
StmLtgart, I964; l[orFErt, A., Olin. Pharmacol. Ther., 6,1S3 36 ft.

(i_._._)_ IIOTIII,IN, E., J. Pharm. Pharmacol., 9, 569 (19;')7); (15) GArtODETSK'G C. IIV., AND IsnEhL, 11., Ps!tchopharmacologia,
Koli_ta), 1';. O., Rec. Chem: Progr., 19, 23 (I(.)58). 6, 229 (1964).

(2) T,xNr¢_% C., Compt. Rcnd. Acad. Sci. (Paris), 81,896 (1875). (16) WooL_,y, l). W., "The Biochemical B,_ses of P._3 choses,
(3) STogb,. _., Schweiz. A potheker-Zt9., 60, 341,358, 374 (1922). John Wiley & Sons, Inc., New York, 1962.
(4) J,,,_'_ W. A., ,t_t) GolJ_,t), R. G., J. Biol. Chem., 120, 141 (17) K,_sT, E. G., ,_,UDCob_]t_S, V. J., Anesthesia and Analgesia,

(19_)j JAcons, W. A., A_D CaAm, L. C., J. Biol. Chem., 43, 285 (1964).
10_/V_ (1934); J,_cons, W. A., J. Biol. Chem., 97, 739 (18) AnaA_SON, It. A., Amer. J. Psychotherapy, 20, 41o (1966).
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